Abstract: This study aims to evaluate blood lead level (PbB) and blood pressure of bus drivers in Bangkok, Thailand, after the phasing out of lead in gasoline. The subjects comprised of 439 male bus drivers whose age ranged between 23 and 59 yr with the mean age of 42 ± 8 yr. Average working experience was 10 ± 7 yr. The mean of the systolic and diastolic blood pressure were 131 ± 17 and 81 ± 11 mmHg, respectively. PbB ranged from 2.5 to 16.2 µ µ µ µ µg/dl with the mean PbB of 6.3 µ µ µ µ µg/dl. Prevalence rate of systolic and diastolic hypertension among bus drivers were 23.0% and 18.2%, respectively. There were significant correlations between PbB and blood pressure both in systolic and diastolic blood pressure after controlling for age, BMI, alcohol consumption, smoking and physical exercise. However, the data on psycho-social factors which may affect on blood pressure of bus drivers were not available. Therefore, further study is needed to clarify the relationship between blood pressure and psycho-social stress among bus drivers in Bangkok. These findings suggested lead exposure at low PbB is related to increases in blood pressure.
Introduction
Lead emitted from motor vehicles and industrial plants is a major air pollutant in Bangkok. It is a known toxic substance that induces adverse health effects in multiple systems, including neurological, hematological and cardiovascular 1, 2) . Most studies have indicated that environmental exposure to lead is associated with an increased risk of hypertension [3] [4] [5] [6] [7] [8] [9] [10] . Our previous study found a relationship between blood lead level and hypertension among traffic policemen working in the eastern region of Thailand 11) . However, two studies have shown contradictory results with no consistent association between blood lead level (PbB) and blood pressures 12, 13) . Bus drivers are one of the groups who are heavily exposed to air pollution including lead, especially when driving in Bangkok with its heavy traffic congestion, that may elevate their blood pressure and cause hypertension among them. To date, PbB has not been reported in bus drivers after the introduction of unleaded gasoline in 1996. Therefore, this study was conducted to evaluate PbB and blood pressure in bus drivers in Bangkok, Thailand.
Subjects and Methods

Subjects
This survey was conducted as part of an occupational health study at the bus operation zone 7 of the Bangkok Mass Transit Authority (BMTA). During their health checkup (October 2002), relevant data were collected from 444 (40.3%) of the male bus drivers (n=1,103) who had worked in the BMTA for at least one year. The subjects' age ranged from 23 and 60 yr with the mean age of 41.5 ± 7.8 yr. The range of work experience was 1 to 27 yr with the average of 9.6 ± 7.4 yr. The subjects were asked to give blood, to undergo a health examination including weight and height measurements, audiometry, a visual test, spirometry and blood pressure measurement, and to be interviewed on their personal and medical histories, work experience, and current smoking status, alcohol consumption and physical exercise. There is no exclusion of the subjects with other lead exposure and it was not possible because of time limitation and insufficient funds to study other subjects, such as families and their working and residential backgrounds. The subjects who had incomplete measurements were excluded from the present study. Thus, 439 male bus drivers were finally included.
Blood pressure measurements
Blood pressure was measured by well trained nurses conducting tests on the bus drivers who had the day off or an afternoon shift in the morning on the examination day. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured using a digital blood pressure monitor (HEM-907, Omron, Japan) on the right arm after resting at least for 15 min. Although blood pressure measurement in sitting position is recommended however, in this study, supine position was employed to keep blood pressure stable with the same position as used in the accelerated plethysmography measurement, which was taken immediately prior to blood pressure measurement. An average of 3 continuing measurements was used to get a representative value. Hypertension was defined as DBP exceeding 90 mmHg and SBP exceeding 140 mmHg. The subjects were classified as hypertensive if they were currently under antihypertensive medications.
Blood lead measurements
Venous whole blood specimens were collected in a lead free heparinised vacutainer. Each sample was sent to the laboratory stored at 4°C for PbB analysis.
The blood sample was pretreated with a 0.5% of triton X-100 and 0.1 hydrochloric acid mixture solution. Ten microlitres of blood sample was injected into the graphite tube with auto-sampler. The heating programmed i.e. drying, ashing, atomizing and cleaning was initiated. All the samples were analyzed. The analysis of blood was used to simplify Standard Addition Method 14) . The PbB was measured by Hitachi model Z-5010 flameless atomic absorption spectrophotometer (AAS) connected to a data processor. Argon was used as an inert purging gas at a rate of 200 ml/min during drying, charring and cleaning stage and its flow was interrupted during atomization stage.
The absorption signals during atomization step were recorded as peak heights. The AAS instrumental conditions are shown in Table 1 .
Statistical analyses
SPSS package version 6.1 was used for statistical analysis (SPSS Inc) 15) . Data were expressed as mean and standard deviation. Pearson's coefficient was used to evaluate the association between study variables and PbB. A multiple regression analyses (forward stepwise) was performed to evaluate the association between PbB, age, BMI, alcohol consumption, smoking and physical exercise (independent variables) and blood pressure (dependent variable). The difference of mean blood pressure between high and low PbB group were analyzed by Student's t test. The statistically significant criterion was set at p<0.05.
Results
The general characteristics of the study subjects are shown in Table 2 . The mean SBP and DBP of all study subjects were 130.6 and 80.3 mmHg, respectively. The prevalence of systolic hypertension was 23.2% and diastolic hypertension was 18.4%. The mean and standard deviation of PbB(range) were 6.3 ± 2.2 (2.5-16.2) µg/dl. More than half of the subjects were smokers and drank alcohol. Nearly half of subjects did not exercise. Table 3 shows the Pearson's correlation coefficient between age, BMI, blood pressure and PbB. Age, BMI and PbB were positively correlated with SBP and DBP.
In a univariate linear regression analysis with age, BMI or PbB as independent variables and SBP or DBP as dependent variables, age, BMI and PbB were associated with the SBP and DBP (p<0.01). After adjusted for potential confounders of age, BMI, alcohol consumption, smoking and physical exercise, an association between PbB and SBP (β =0.902, p<0.01) and DBP (β =0.648, p<0.01) were observed in the multiple regression analysis (p<0.01). Table 4 shows blood pressures among high and low PbB drivers. The subjects were divided into two groups according to their low and high PbB. They were assigned into the low group if their PbB were ≤mean-SD (4.1 µg/dl) and into the high group if their PbB were≥ mean + SD (8.5 µg/dl). There was significant difference in SBP and DBP among subjects with different concentrations of PbB. There was no significant difference in age, BMI and years of work between high and low PbB groups.
Discussion
In this study, we found that the mean level of blood lead among bus drivers in Bangkok was relatively low. It was less than the 31.9 µg/dl PbB reported by Chaikittiporn et al. 16) . The difference may be attributable to the fact that lead in air at the time of study was higher (5.1 µg/m 3 ) than present (0.22 µg/m 3 ), which is a result of the policy since 1992 of phasing out lead in gasoline. However, in comparison with the previous studies conducted after the introduction of unleaded gasoline, it is found that the PbB of bus drivers was two times higher than the reported values of 3.2 µg/dl and 3.63 µg/dl PbB in non-occupational lead exposed women and men, respectively 17, 18) . It is possible to state that bus drivers have an occupational risk for lead exposure. In this study, however, there is no exclusion of the subjects with other lead exposure, which may affect the results. This should be considered in further study.
In this study, the prevalence of systolic and diastolic hypertension among bus drivers was found to be 23.0% and 18.2%, respectively. This was higher than a study of the general population (systolic: 8.1%, diastolic: 4.1%) 19) . This may be a result of higher lead exposure. The results are similar to several studies that reported lead exposure induces hypertension 6, 11, [20] [21] [22] . In the present study, the supine position was employed for measuring blood pressure, which may make the blood pressure measurements different from those taken in sitting position employed in other studies. However, all subjects were measured in the same position. Therefore, there is no systematic error in the correlation analysis.
In multiple regression analysis, we found a relationship between PbB and SBP and DBP after controlling for age, BMI, alcohol consumption, smoking and physical exercise. This result was consistent with that reported of Harlan 3) and Fenga et al. 10) which found a significant association between blood lead and blood pressure in men, independent of other factors. In addition, we also found a significant difference in the mean SBP and DBP between the low and high PbB groups. The high group had higher mean blood pressure than the low group. The results support other studies that report PbB can elevate blood pressure. However, the exact cause of the relationship remains controversial. Many 6, 23, 24) suggested that blood lead is a measure of recent exposure in the past few month to several months. Thus, blood lead might be an imprecise measure of the body burden of lead in terms of its biological effect on blood pressure. It is possible that the effect of lead on blood pressure was due to the cumulative effect of exposure to it 10, 18) . A limitation of the present study was that data on psychosocial factors due to employment as a bus driver were not available. Driving in Bangkok, where there is a high concentration of vehicles and harmful work environment may cause stress in bus drivers which could have a direct influence on drivers' health. Hypertension resulting from occupational stress is one of the health problems found in higher frequency in bus drivers than in the general population 25) . If this had been available, we could have analyzed the data while controlling such factors as a potential confounder. Therefore, further study is needed to examine if psycho-social factors affect blood pressure of bus drivers.
In summary, the present study suggests that PbB of bus drivers is higher than those with non-occupational lead exposure. PbB at low level associated with elevated systolic and diastolic blood pressure. However, that is necessary for further study to clarify the relationship between blood pressure and psycho-social stress among bus drivers in Bangkok.
